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This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any spccific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recorn- The critical current density of high-T, superconducting thin films is found to be sensitive to the presence of flux-pinning defects, and particularly to the existence of grain boundaries which may act either as pinning centers for the vortices or as "weak link" junctions. Atomic resolution Zcontrast imaging and spatially resolved electron energy loss spectroscopy provide a method to : obtain a direct image of the atomic grain boundary structure for correlation with its electronic structure. Using a combination of transport measurements and electron microscopy, we have begun to correlate superconducting properties w i t h atomic scale grain boundary structure using YBCO thin films deposited on SrTiO3 bicrystals and on Ni substrates (RABiTS).
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INTRODUCI'ION
Since the discovery of high-T, superconductors, there has been an intense research effort to incorporate these materials into viable devices. Y B~& u~O ,~ (YBCO) films grown on Rolling Assisted Biaxial Textured Substrates (RABiTS) has recently been developed [I, 21 with critical current density (J,) over 1.2 IO6 A/cm*. The texture of the substrate induces the presence of strain fields and grain boundaries in the YBCO f i l m ( fig. 1 ). The J, of high-T, superconducting thin films is sensitive to the presence of flux-pinning defects and to the existence of grain boundaries. The exact role of the atomic structure at grain boundaries in controlling the transport properties is a subject of debate. The Jc measured across a grain boundary generally decreases as the misorientation angle increases [3, 41. Low-angle grain boundaries are composed of arrays of dislocations whose associated strain fields cause the material to become locally nonsuperconducting [5] . For high-angle grain boundaries (angles above -1 O"), the spacing between dislocations becomes comparable to the lattice parameter and this continuum description breaks down [6] . It has therefore generally been assumed that such boundaries will act as Josephson junctions [3, 41. However, there have been reports that the boundaries are actually composed, according to their angie, of a defined ratio of superconducting and weak link parts and might, for certain symmetries, be free of weak links [7, fields and planar defects are observed in the YBCO layer. microscope (STEM), provides a method to obtain a direct image of the atomX &ah b c i -i wstructure for correlation with its electronic structure. Therefore, we have begun to characterize, using a combination of transport measurements and electron microscopy, the relation between superconducting properties and grain boundary structure in YBCO thin films.
Using Pulsed Laser Deposition (PLD), 500 nm thick YBCO films have been deposited on SrTiO3 bicrystals with misorientations of 24". Transport properties across the boundary are measured through a one centimeter wide boundary to highlight small effects. Silver contacts have been deposited by sputtering and annealed at 500OC for 30 minutes in an oxygen atmosphere. Transport measurements in magnetic fields have been performed using the 4 probe method. The system allows the rotation of the sample in the magnetic field and therefore a study of the angular The high resolution microscopic study has been performed on a dedicated STEM (VG Microscop& HB501 UX) which allows one to perform simultaneously high resolution 2-contrast imaging and EELS (energy resolution of 0.5 ev). The cold field emission tip allows a 0.22 nm probe size to be obtained leading to an atomic column resolution both in the image and the analysis. The Z-contrast image is generated point by point using an annular detector to collect the high angle scattering which shows an intensity proportional to the Z2 dependence of the Rutherford scattering cross section. The low angle scattering can be used for simultaneous EELS, 
RESULTS AND DISCUSSION
In figure 2 , the Vu) curves plotted for several fields exhibit a linear differential ohmic behavior, which extrapolated to I = 0 A gives a negative intercept. To explain this behavior, we have modeled the grain boundary as composed of equally sized and spaced weak links (dislocation - o f strong links (fig.3) . The weak links have a tunneling behavior and cany J, . The strong links might be either superconducting regions carrying a depairing current, strong links carrying the same J, as the grains, or just Josephson junction that are much strongly coupled than the rest of the boundary, carrying J,=JJ. The observed field dependence of J, seems to exclude the case of the depairing current. In the 2 other cases, the curves exhibit behavior qualitatively similar to that of data.
The model proposed is consistent with the images recorded for such boundaries. The Z-contrast image of a near symmetric high angle boundary (~30") presented in figure 4 shows facets composed of groups of dislocation cores, symmetric or asymmetric, separated by slightly distorted cells. As the groups of asymmetric dislocation cores are certainly acting as bad weak links, the symmetric ones and the better ordered cells might carry a better critical current. Spatial resolution EELS across the different segments of the boundary should allow a quantitative assessment of these possible scenarios. 
